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The implementation of an Fe buffer layer is a promising way to obtain epitaxial growth of Co-doped BaFe2As2 
(Ba-122). However, the crystalline quality and the superconducting properties of Co-doped Ba-122 are in- 
fluenced by the Fe buffer layer thickness, dpc- The well-textured growth of the Fe/Ba-122 bilayer with 
dp e = 15 nm results in a high J c of 0.45 MAcm~ 2 at 12 K in self-field, whereas a low J c value of 61000 Acm -2 
is recorded for the bilayer with dp c = 4 nm at the corresponding reduced temperature due to the presence of 
grain boundaries. 

PACS numbers: 74.70.Xa, 74.78.-w, 74.25. Op, 74.25.F- 



Strong bonding and small misfit between functional 
layers and substrates are preferable for epitaxy. Our re- 
cent publication demonstrates that implementing an Fe 
buffer layer is an advantageous way to obtain epitax- 
ial growth of Co-doped BaFe2As2 (Ba-122), since the 
metallic bond between the Fe and the Co-doped Ba- 
122 layer takes place at the Fe sublayer within the FeAs 
tetrahedron. 1 Furthermore, the lattice parameter a of Fe 
is close to the Fe-Fe distance in the Co-doped Ba-122 unit 
cell, resulting in a small lattice mismatch of 2 %. Here, 
the (001) surface plane of Fe is rotated 45° in-plane to 
the iron sublayer in the Co-doped Ba-122 unit cell. As a 
result, Co-doped Ba-122 films are of excellent crystalline 
quality and show a high superconducting transition tem- 
perature, T c , up to 24.6 K. 

Epitaxial Co-doped Ba-122 films with sharp out-of- 
plane and in-plane texture as well as a high T c of 
24.5 K have been deposited on bare SrTi0 3 (STO) 
substrates* 2 - Furthermore, structurally comparable films 
on bare (Lao. 3 Sro.7)(Alo.65Tao.35)0 3 (LSAT) with a T c 
between 22.3 and 22.8 K have also been realized 4^ De- 
tailed transmission electron microscope (TEM) investiga- 
tions revealed that an interfacial layer of textured Fe was 
quite frequently observed between epitaxially-grown Co- 
doped Ba-122 and bare LSAT substrates^ Textured Fe 
was also confirmed by pole figure measurements on dif- 
ferent substrates such as STO and LaAlOa^. presumably 
growing at the interface. Hence, Fe may work as a generic 
buffer layer for epitaxial growth of Co-doped Ba-122 lay- 
ers on multiple substrates. The Fe layer should be thick 
enough to cover the substrates fully. Whenever a discon- 
tinuous textured Fe layer is grown at the interface, mis- 
oriented grains of Co-doped Ba-122 are likely observed, 
reducing the critical current. Indeed the current-limiting 
effect of grain boundaries even with small misorienta- 
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tion angles for Co-doped Ba-122 has been reported^ Fur- 
thermore, the implementation of a thick Fe buffer layer 
may also work as a strain absorber and a high J c of 
strain-relaxed Co-doped Ba-122 films can be expected. 
That might explain why Co-doped Ba-122 films on bare 
LSAT showed a self-field J c of ~ 10 4 Acm~ 2 in a pre- 
vious publication,— one order of magnitude lower than 
single crystals^ and two orders of magnitude lower than 
recently reported films^^ two of which confirmed the 
presence of c-axis correlated defects.—^ Hence one can 
expect high-J c Co-doped Ba-122 films grown on a per- 
fectly textured Fe layer, which may depend on Fe layer 
thickness significantly. 

In this letter, we report on the influence of the Fe buffer 
structure by employing two different Fe layer thicknesses 
(c?Fe=4nm and 15 nm) on structure and transport prop- 
erties of the Fe/Ba-122 bilayer system. 

Fe layers were deposited with 1250 and 5000 pulses at 
room temperature on MgO (001) single crystalline sub- 
strates by pulsed laser deposition, PLD, using a KrF ex- 
cimer laser (248 nm) at a frequency of 10 Hz in a UHV 
chamber (base pressure 10 _8 mbar). Subsequently, the 
Fe-covered MgO substrates were heated to 700 °C, which 
in turn serves for the deposition of Co-doped Ba-122 lay- 
ers with a pulse number of 13500. Here, a phase pure 
target of the nominal composition, BaFe1.gCoo.2As2, was 
employed for PLD. Films composition were almost iden- 
tical to the target composition confirmed by Rutherford 
Backscattering Spectroscopy (RBS). The detailed PLD 
target preparation can be found in Ref^ The energy den- 
sity of the laser on the target was 3-5 Jem -2 , and the dis- 
tance between target and substrate was approximately 
7 cm. 

The representative microstructure of the Fe/Ba-122 bi- 
layer with 5000 pulses of Fe is presented in fig.[T] as a 
cross-sectional bright-field TEM micrograph, taken in a 
C s -corrected 300 kV, FEI Titan. No misoriented grains 
were observed throughout the entire lamella and the Co- 
doped Ba-122 layer was clean. However, a few line de- 



FIG. 3. (Color online) (a) Resistivity traces for the Fe/Ba- 
122 bilayers with different dp c . The respective T c of Fe/Ba- 
122 with d Fc =15 nm and 4nm were 23.1 K and 20.2 K. (b) 
Transport J c for H\\c of the bilayers with <1f c = 4nm and 
15 nm at a reduced temperature of t = T/T c = 0.52. 



FIG. 1. (Color online) The representative microstructure of 
the well-textured Fe/Ba-122 bilayer (dp c =15nm). The Co- 
doped Ba-122 layer is clean and no appreciable defects are 
observed. The figure has been digitally stitched together from 
three separate images acquired under the same conditions in 
order to present a larger area of the film. 
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FIG. 2. (Color online) 9/26- scans of Fe/Ba-122 bilayers with 
dp c =4nm and 15 nm on (001) MgO substrates in Bragg- 
Brcntano geometry using Co-Kq radiation. No secondary 
phase was observed, proving a high phase purity. However, 
additional 110 and 220 peaks of Co-doped Ba-122 were ob- 
served for the bilayer with dp c = 4nm. 



fects per 100 ^tm were observed in the Co-doped Ba-122 
layer (not shown in this letter). Nevertheless, such a 
low density of defects shows no influence on the angular- 
dependent J c described later. The average thickness of 
the Fe and the Ba-122 layers was around 15 and 100 
nm, respectively, which was in good agreement with the 
RBS analyses. The respective growth rates of Fe and 
Co-doped Ba-122 are estimated to 0.026 A/pulse and 
0.074 A/pulse. Based on this, c/fc with 1250 pulses is 
estimated to dp c ~ 4 nm. 

The out-of-plane texture and phase purity of Fe/Ba- 
122 bilayers were examined by 9/28- scans using Co-Ka 
radiation. The crystalline quality were evaluated via w - 



scans of the 004 reflection, as well as 103 <j>- scans for 
Co-doped Ba-122 and 110 0- scans for Fe using Cu-Ka 
radiation. Shown in fig. [2] are the 8/29- scans for the 
Fe/Ba-122 bilayers with different dp c . Only 00Z peaks 
of the Co-doped Ba-122 together with the 002 reflection 
of Fe and MgO were observed for dp c = 15 nm. How- 
ever, additional 110 and 220 peaks of Co-doped Ba-122 
were observed for the bilayer with dpc = 4 nm, which 
is due to the Volmer- Weber growth of Fe^i leading to 
tilted grains of Co-doped Ba-122. Such a structural im- 
perfection can be modified by increasing nominal g?fc, 
since the surface of the MgO substrate is not fully cov- 
ered with Fe. Pole figure measurements showed that the 
full epitaxy of Co-doped Ba-122 was only confirmed for 
dp e = 15 nm. Here the epitaxial relation is (001)[100]Ba- 
122||(001)[110]Fe||(001)[100]MgO. The full width at half 
maximum (FWHM), Aw, of the 004 rocking curve for 
the film with dFc=15nm was 0.64°, whereas a large Auj 
of 1.33° was observed for the film with <iFe=4nm. The 
average Acj) of the 103 reflection of Co-doped Ba-122 on 
<iFc=4nm showed with Acj> = 1.56° a larger FWHM than 
the Fe layer itself (Acj> = 1.10°) in contrast to the film 
with a thicker Fe layer, which showed a lower value of 
Acf) = 0.95° compared to Acj) = 1.05° of Fe. 

The bilayers were photolithographically patterned and 
ion beam etched to form bridges of 100-500 /jm width 
and 0.8 mm length for transport measurements. Gold 
electrodes were deposited by PLD at room temperature, 
to which Cu wires of 100 /im diameter were connected 
by silver paint, ensuring a low contact resistance. Su- 
perconducting properties were measured in a Physical 
Property Measurement System (PPMS, Quantum De- 
sign) by a standard four-probe method with a criterion 
of 1 /iVcm -1 for evaluating J c . In the angular-dependent 
J c measurements, the magnetic field, H , was applied in 
the maximum Lorentz force configuration (H perpendic- 
ular to J) at an angle O measured from the c-axis. A 
small DC of 10 n A ( J=15-77 Acm -2 ) was employed for 
resistivity measurements, p(T). T c is defined as 90% of 
the normal resistivity at 30 K. 

T c of Fe/Ba-122 is increased from 20.2 K to 23.1 K with 
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FIG. 4. (Color online) J c — H characteristics of the Fe/Ba- 
122 bilayer (dp e = 15 nm) at different temperatures. The field 
was applied parallel (a) and perpendicular to the c-axis (b). 
Normalized pinning force, F p / F PtUla , x , as a function of reduced 
field for (c) H\\c and (d) H^c. The black lines in both figures 
are calculated with the Kramer model (p = 0.5, q = 2) for the 
aim of comparison. 
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FIG. 5. (Color online) (a) J c (9) of the Fe/Ba-122 bilayer 
(dp c = 15 nm) measured under several magnetic fields at 10 K 
. No additional peaks except at H _L c were observed. The 
solid lines represent the random pinning contribution, (b) 
All J c data can be scaled with an anisotropy parameter of 7 
ranging 1.4-2.1 at given temperatures except for the angular 
range close to H _L c. The re-calculated J c from pinning force 
scaling described in fig.[4]was also plotted (solid lines). The 
7 values were observed to decrease with decreasing tempera- 
ture, as shown in the inset, which shows the same behavior as 
Co-doped Ba-122 on bare LSAT. (See Ref.-) This temperature 
dependence of 7 is an evidence for multi-band superconduc- 
tivity. 



increasing dp e (fig.[3](a)). There are two plausible reasons 
for variation in T c such as microstructure and proximity 
effects at the Fe/Ba-122 boundary. As stated earlier, 
the Fe/Ba-122 with thin Fe buffer contains a lot of grain 
boundaries, leading to oxidization along the grain bound- 
aries significantly, which may reduce T c . Grain bound- 
aries may also increase the normal state resistivity, since 
electrons are scattered at grain boundaries. 

The current-limiting effect of grain boundaries can be 
seen in J c — H characteristics (fig. 02(b)). In comparison 
to the bilayer with g?fc = 15 nm, transport J c of the bi- 
layer with dp e = 4 nm shows lower values at the entire 
magnetic field range. On the other hand, the bilayer with 
dp e = 15 nm showed a high self-field J c of 0.45 MAcm -2 
at 12 K, which is almost 40 times higher than the value 
of the Co-doped Ba-122 on bare LSAT in our previous 
publication. 3 

Transport J c of the Fe/Ba-122 bilayer with dpo = 
15 nm as a function of magnetic field at different tem- 
peratures has been evaluated for both major directions 
(i.e. H\\c and H±c). It is clear from fig.|U (a) and (b) 
that J c values for if||c are always lower than for H-Lc, 
indicating that the flux pinning is anisotropic. 

The scaling behavior of the pinning force density for 
H || c is shown in fig.[U(c). Here, the reduced field, h, is 
defined as h = H/H- m , where H lrr is the irreversibility 
field. Below 14 K, H lrr has been evaluated by extrapo- 
lation according to the Kramer method. All data of the 
normalized pinning force, F p / -F^max, fall onto a master 
curve of h p (l — h) q with the exponents p = 0.64, q = 2.34 
regardless of temperature, which is explained by the 
Kramer model for shear breaking of the flux line lattice as 
main reason for depinning^ It is plausible that the elas- 



tic constant of flux line lattice shear, Cqq, for Co-doped 
Ba-122 is very small due to the large Ginzburg-Landau 
parameter, k = A/£ w 70»il In contrast to H \\ c, the 
pinning force for iJ_Lc can only be scaled in a temper- 
ature range between 14K to 18K with h°- 7S (l - /i) 2 56 , 
whereas the scaling is not possible below 12 K, which im- 
plies a different pinning mechanism in this temperature 
region. 

Shown in fig.[5ja) are J c (0) data measured under dif- 
ferent magnetic fields at 10 K. J c (0) always has a broad 
maximum positioned at = 90° (H _L c) mainly due 
to the intrinsic pinning arising from coupled a6-planes. 
It should be noted that this peak is also observed in a 
Fc/Ba-122 bilayer with a 300 nm thick superconducting 
layer. Albeit the high J c of over 0.45 MAcm -2 for H±c 
at 1 T, the corresponding value at H\\c is remarkably re- 
duced by almost half. Such a reduction in J c becomes 
more significant with applied fields due to a rather low 
density of line defects along the c-axis, which is reflected 
in the TEM observation, as shown in fig.[U and hence a 
low H m in this direction. 

For a more detailed investigation, the anisotropic 
Ginzburg-Landau scaling is applied to J c (0) data in or- 
der to distinguish between correlated and uncorrelated 
defects, i.e. J c (6) is plotted as a function of an effec- 
tive magnetic field, H c g, where H c h = He(Q), e(O) = 

J cos 2 (9) -I- 7~ 2 sin 2 (0), and 7 is the mass anisotropy 

ratioji 2 - The scaling behavior of J C (Q) as a function 
of H e s at representative temperatures is displayed in 
fig.[5](b). All data at one temperature except in the vicin- 
ity of iJ_Lc fall onto a single curve with relatively small 
anisotropics, 7, of 1.4-2.1, indicating that random defects 
are dominant in this angular region. 
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To conclude, the crystalline quality and the supercon- 
ducting properties of the Co-doped Ba-122 films on Fe- 
buffered (001) MgO have been characterized. In contrast 
to the Fe/Ba-122 bilayer with 4nm Fe, higher T c and 
sharper out-of-plane and in-plane texture of the Fe/Ba- 
122 bilayers can be obtained for 15 nm thick Fe. The well- 
textured Fe/Ba-122 bilayer on MgO with dp c = 15 nm 
shows a superior J c — H characteristic at lower held 
regime. Normalized pinning force curves are well fit- 
ted by the predictions of the Kramer model for shear 
breaking. Angular-dependent J c measurements exhibit 
no c-axis peak, whereas a broad maximum positioned at 
= 90° (H _L c) is observed regardless of temperature 
and field, which is due to the intrinsic pinning arising 
from correlated afr-planes. Finally, further improvement 
of J c — H — performances will be possible by introduc- 
ing artificial pinning centers, since the present films have 
a clean microstructure. 
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